The organ shortage crisis affects most of the world today. In Asia, rates of deceased organ donation are extremely low due to sociocultural factors. In this context, implementing new organ donation policies is not enough; xenotransplantation remains the most promising way to solve the organ crisis. Most of the early research on xenotransplantation was conducted in the US and Europe. Today, however, Asia has caught up on its Western counterparts partly due to the increasing demand for organ transplants. Given the growing influence of countries such as China, South Korea, and Japan in xenotransplantation, this article provides the reader with an essential global understanding of the scientific and ethical issues currently at stake. Furthermore, it sheds light on the beliefs and values that shape the response of the Asian public to both organ donation and xenotransplantation.
ethical issues. Those who suffer from end-stage organ failure are willing to pay for organs, thus putting the poorest at risk of exploitation. As the organ shortage crisis worsens, many procedures have been implemented with the hope of bridging the shortfall in available human organs.
However, be it paired donation, acceptance of presumed consent or even controlled payment to the donor; policy changes cannot effectively achieve a universal long-term solution to the problem. Although raising awareness of the need for organ donation is already making considerable differences in the United States and Europe, this is not the case for Asia. Because of both social and cultural reasons, rates of deceased organ donation in Asian countries are significantly lower than that in Western countries. 2 The rate of deceased donors in South Korea was 5.3 per million people in 2008. By contrast, it ranged between 10 and 34.2 donors per million people in Western countries during that same year. 3 These numbers are fairly representative of the seriousness of the organ shortage in Asia. Religious and cultural beliefs strongly influence the willingness to donate organs for transplantation. With China leading one of the largest organ transplantation programs worldwide, the country's demand for transplants is immense. However, Confucianism, Taoism, and Buddhism associate the wholeness of the body with respect to ancestors and nature. These beliefs are deeply rooted in the Chinese society, thus greatly affecting donation rates. 4 To this day, xenotransplantation is deemed as the most promising way to solve the organ crisis. By eventually replacing transplanta- Understanding the cultural context around organ transplantation in China, Japan, South Korea, and other Asian countries allows for a systemic and broad comprehension of xenotransplantation in Asia.
General knowledge of the advances in both preclinical and clinical research is of considerable importance, especially given the many promising benefits of xenotransplantation and the ever-growing influence of Asian researches on this specific area of medicine.
| CULTUR AL , SO CIAL , AND RELI G I OUS FAC TOR S AFFEC TING ORG AN DONATION IN A S IAN COUNTRIE S
The majority of transplanted organs come from deceased donors.
However, people in mainland China, Hong Kong, and Japan, as stated above, share the same reluctance against the prospect of being separated from their organs after their death. In Confucianism, which heavily emphasizes on family and social structure, the physical body is considered as a gift from one's parents. Thus, any damage inflicted upon the human body-even in death-is thought to disrespect ancestors. 5 Such spiritual beliefs have been shown to play an important role among those who refuse organ donations.
Japan has one of the strictest organ donation policies in the world. Organ transplants from brain-dead donors were first legalized in 1997 through the Organ Transplant Law, following a 30-year ban. Japan's involvement in early organ transplantation was not distinctive from other countries. 6 However, there was a noticeable shift in public opinion toward the issue after Dr Wanda's infamous failed heart transplant in 1968. 7 This case raised concern about the lack of guidelines regarding brain-dead patients and possible premature diagnosis of death driven by the need for donor organs. Moreover, the Shinto religion is deeply rooted in the idea of purity and considers death as impure, leading to the general dislike of the idea receiving organs from a deceased person. Moreover, there is a lack of consenting donors in Japan. Despite the rapid increase of living kidney and liver transplantation in Japan as well as in the rest of the world, organ shortage is far from being effectively adressed. In this context, xenotransplantation would be a suitable and much-needed solution.
After 
| HIS TORY OF XENOTR ANS PL ANTATION
The first attempts at cross-species transplantation dates back several centuries. This is not surprising considering that most mythologies present some form of hybrid being. From the Gods of ancient Egypt, most of whom are humans with animal heads, to monsters of Greek mythology such as the Minotaur or Centaurs, and even the elephant-headed Hindu God of wisdom Ganesha, the idea of human-animal hybrids has been rooted in most societies well before xenotransplantation was ever envisaged. 12 Perhaps because of that, the general public's understanding of xenotransplantation has been influenced by misconceptions and fears. In a survey conducted in South Korea in 2009, only 58.4% of respondents thought xenotransplantation research should not be prohibited after being informed about the related socio-ethical issues. 13 The first attempts at xenotransplantation took place prior to the discovery of immunological barriers. In the last decades, however, Asia has caught up on most areas of scientific research, including xenotransplantation. Clinical trials such as those previously mentioned are no longer approved today, as pigs have replaced nonhuman primates as potential donors. 17 Nowadays, research focuses on understanding the many reactions of the immune system when confronted to foreign material in a pig-to-nonhuman primate model. 18 In addition, xenotransplantation shows promising potential in the treatment of diabetes, Parkinson's disease, corneal blindness, and Alzheimer's disease. As understanding of the many applications of xenotransplantation in the medical field grew, so did the specificity and complexity of research in this field.
Most research on xenotransplantation performed in Asian countries
is fairly recent. It is thus difficult to concisely outline their contributions to the field, as current research does not follow the linear progression of the early xenotransplantation trials. Even so, the last part of this paper presents an overview of recent advances in xenotransplantation by Asian researchers, thus providing the reader with a global understanding of the issues currently at stake.
| RELE VANT CONTRIBUTI ON S TO XENOTR ANS PL ANTATION BY A S IAN SCIENTIS TS
Recent advances regarding xenotransplantation have made it neces- as well as on the resulting need for both effective regulations and appropriate surveillance. 19 As of today, pigs are widely recognized as the most suitable donors for xenotransplantation. 17 However, the recognition of galactose α1-3 galactose trisaccharides present on the surface of wild-type pig cells by human antibodies inevitably results in hyperacute rejection of the graft. 20 Additionally, safety concern regarding porcine endogenous retroviruses (PERVs) has been raised upon discovery that PERV can infect human cells in vitro. 21 In a study published in 2014, Chinese scientists studied the characterization of PERV in a new minipig breed referred to as XENO-1. The herd's PERV expression pattern was different from that of most breeds of minipigs: the animals exhibited no sign of PERV-C and overall lower levels of PERVs.
Additionally, data showed no PERV transmission to human cells in vitro. 22 This provides an alternative potential donor source instead of genetically edited PERV-free pigs.
In 2015 or genetic disorders. 25 Although corneal shortage currently affects neither the USA nor Europe, it is an issue in many Asian countries. In China, South Korea, and Japan, the lack of deceased donors greatly affects the number of corneas available for allotransplantation. 26 The successful outcome of recent pig-to-nonhuman primate cornea transplantation trials gives hope for future clinical applications. 27 In one of the aforementioned studies, nine Chinese rhesus macaques underwent lamellar transplantation of decellularized and fresh porcine corneas. The results suggested that the decellularized grafts would be suitable as human xenografts. 28 Another study investigated the feasibility of cornea xenotransplantation by studying the effects of immunosuppression in a pig-to-nonhuman primate model and subsequently found that the CD40-CD154 costimulatory pathway blockade efficiently prevented xenograft rejection. concern about the procedure than other people. Overall, 42.4% of participants expressed favorable views regarding xenocornea transplantation. 30 As of 2018, scientists from Seoul National University have published a detailed clinical trial protocol to prepare for the first pig-to-human cornea transplantation. 31 A consensus statement regarding regulations and guidelines for the procedure in Korea had been established 5 years earlier. 32 This was followed in 2014 by the consensus statement of the International Xenotransplantation
Association that included specific descriptions regarding clinical trials of xenocornea transplantation. 33 The development of such consensus statements has paved the way for clinical trials to become a reality in the upcoming years.
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